Abstract-In this paper, a fast algorithm of the geomagnetic correlation matching based on MSD (mean square difference) is proposed. According to Taylor formula, the expression of MSD is transformed using the gradient of the magnetic field intensity. By introducing the parallelism constraint, the regularization model is established. Linear equations can be obtained with the help of minimizing the regularization model. Then Jacobi iteration is used to obtain the matching result by solving equations. Finally, the results are confirmed by simulation.
INTRODUCTION
Geomagnetic navigation is a new passive autonomous navigation method, which has the advantage of all-time, all weather, compact dimension, low weight, no accumulative error and so on. Nevertheless, there are areas where geomagnetic field distribution is very smooth and the database of geomagnetic field information is not complete. If geomagnetic field information is used alone, it is more likely to have precision problem and reliability problem. Inertial navigation system (INS) can provide autonomous and realtime navigation information with good short-term accuracy, which limits geomagnetism navigation range. So geomagnetism aided inertial navigation system can effectively improve system reliability and navigation precision, which has attracted a lot of attention [1, 2] . With the devolvement of the geomagnetic navigation technology, there are two orientations: geomagnetic filtering navigation and geomagnetic matching navigation.
The principium of geomagnetic filtering navigation is fusing geomagnetic information and other navigation information with filter [3] . Geomagnetic field model must be established in the geomagnetic filtering navigation algorithm. So the geomagnetic filtering technology mainly applies to low earth orbit satellite systems, for reducing the impact of the geomagnetic anomalous to the geomagnetic field model. In 90s of last century, Psiaki firstly determined the low-earth orbit using magnetometer data [4, 5] . A team from Goddard Space Center achieved data fusion of magnetometer information and other sensor information using Kalman filtering technique [6, 7] . Geomagnetic filtering navigation mainly involves EKF [1, 2] , UKF [8] and particle filtering [9] .
Another way of geomagnetic navigation is geomagnetic matching technology. Geomagnetic matching is the method to find the position which is localized by matching measurements of geomagnetic field to an a priori map stored in computer [10] . American E-System Corporation proposed contour-based magnetic matching MAGCOM system in the 1960s. In 1974-1976 the Russian project "MAGNET" was successfully conducted by the Ramenskoye Design Company. The test trajectory corridor that was selected was mapped and computed upward for altitudes up to 8 km by the Institute of Terrestrial Magnetism [11] . In recent years, Chinese scholars began to study geomagnetic matching navigation [12, 13] . Based on the study of the correlation matching, a fast matching method using geomagnetic field gradient is developed in this paper. In the computer simulation, good performance is observed.
II. CORRELATION MATCHING
Correlation matching is the mainly matching algorithm based on the sequential measure technology and it has been applied successfully in terrain matching area. The classical matching methods include MAD, MSD, PROD, NPROD [14] . The correlation functions are given in Table 1 M is the magnetic anomaly of the map at position sequence, N is the number of the sample points. Nevertheless, correlation matching needs to go through every trajectory, which is parallel to the reference trajectory, in the matching area. So it is calculation burden for navigation computer and causes a low matching speed. 
where the average values of errors are (2), we know that we neglect the high order expanded term 2 R . So the matching error becomes greater, as the initial position error increases. Then we can take a few of iteration to enhance matching accuracy. That is, we regard the first matching result as the next reference trajectory.
IV. FAST MSD MATCHING PROCESS
In practical application, the fast MSD matching process only needs to solve the Jacobi iteration. And the main steps of the algorithm are depicted as follows:
Step 1: For every reference point ( , ) Step 4: Make sure whether the formula (19) is true, where 0 ε ≥ is a given small positive number. If it does, iteration is stopped, then (17) and (18) are the matching results; otherwise go on to carry out Step 2. fig. 2 If the geomagnetic signal contains random noise with amplitude value of 0.5nT, the matching results is shown in fig. 5 with same conditions. The average matching errors are 0.0001 o in longitude and 0.0012 o in latitude. The matching time is less than 18ms.
The simulation shows that the fast MSD matching can obtain accurate result in less computational time. 
VI. CONCLUSIONS
Real-time of geomagnetic correlation matching is constrained by the research scope and the research step length. Then, in this paper a fast iterative algorithm for geomagnetic correlation matching is proposed. The matching perform indicator is converted into the discrete regularization model. Taking the derivative of this model, linear equations are established. With Jacobi iteration, the main steps of the fast matching algorithm are given. At last, the performance of the algorithm is verified for different initial error. The next issue for future work is to obtain matching process with initial heading angle error between the reference trajectory and the matching trajectory.
